INTRODUCTION
Host age and route of inoculation are commonly used variables to determine mechanisms of resistance in experimental viral encephalitis (Cole &'Wisseman, t969; Nathanson & Cole, i97o) . In several studies with viruses causing acute encephalitis the maturing host usually remained susceptible to virus introduction directly into the brain while developing resistance to virus given peripherally (Huang & Wong, I963; Albrecht, I968; Johnson & Johnson, I968; Thind & Price, ~969 a, b) . Such studies have suggested or implicated maturation of the reticuloendothetial system (Johnson, ~964; Mires, I964; Olson et at. r975) , developed immune responses (Cole & Wisseman, 1969) , increased interferon synthesis (Heineberg et al. 1964) , decreased susceptibility of cells (Kunin, 1962 ) and defective virus multiplication (Griffin et al. I974) as mechanisms of resistance to infection with increasing host age. Mount Elgon bat virus is an antigenically distinct member of the rhabdovirus family isolated from the salivary glands of a bat, Rhinolophus hildebrandtii eloquens, captured on the slopes of Mount Elgon (Metselaar et al. 3969; Murphy et al. 397o) . In mice of various ages infected by Mount Elgon bat virus the response ranged from predominantly abortive to uniformly fatal. This paper describes the pathogenesis of brain infection by this virus and the role in it of antibody and interferon.
Quantal titrations. Serial tenfold dilutions of virus stock, made in ice-cold gelatine saline, were each tested in five or six mice of either sex, each mouse was inoculated in the right cerebral hemisphere with o.oI ml. Mice older than 15 days were lightly anaesthetized with ether before inoculation. The numbers &mice dying between 4 and 4o days after inoculation were recorded and median lethal doses (LDs0) calculated by the Spearman-K/irber method (Dougherty, I964). Serum from each survivor was tested for virus neutralizing antibody; those mice whose sera neutralized about 50 of ioo p.f.u, of virus at dilutions of 1/lO and above were considered to have been infected and were included in the calculation of the median infective dose (IDs0) of virus.
Preparation of tissues for assay of infectivity, virus neutralizing antibody and interferon.
Usually four mice of either sex were killed daily after virus inoculation and their brains removed and pooled by sex, homogenized and suspended to IO ~ (w/v) in ice-cold gelatine and stored at -70 °C. The suspensions were titrated for infectivity by counts of plaques demonstrated by intrinsic interference assay in monolayers of chick cells (Patel, I978) . After inactivation of infectivity by acid (Patel, I979) , interferon activity in the suspensions was estimated by reduction of the SFV plaque count in mouse embryo fibroblasts (Gifford, ~963). Blood was pooled by sex, and sera titrated for virus neutralizing antibody (Patel, 1978) . The dilution of a serum neutralizing 5o ~ of about ioo p.f.u, of Mount Elgon bat virus in 2 h at 37 °C was estimated from the plot of percent neutralization against log dilution.
Cyclophosphamide was purchased as Endoxana from Ward, Blenkinsop and Co. Ltd, Wembley, Middlesex, U.K., as a dry powder and stored at 4 °C. Each vial (lOO rag) was rehydrated with 5 ml of sterile glass distilled water just before use and diluted in phosphatebuffered saline, pH 7"3 (PBS A, Oxoid Ltd, Basingstoke, Hampshire, U.K.) to provide the desired total dose. The drug was given in a single intraperitoneal (i.p.) injection, o'25 mg/g body weight.
RESULTS

Pathogenicity of virus by intracerebral route
Mice of both sexes up to i2 days of age were killed by I to 4 P.f.u-/LD~0 but considerably more virus was required to kill older mice of either sex. In 15-to I8-day-old mice a median lethal dose was 5o to 6o and 5oo to 8oo p.f.u, respectively (Table I) . Although IO to 25 p.f.u. were sufficient to infect I5-to 4o-day-old mice of either sex, virus in doses of IO to lO 6 p.f.u. killed 4o to 8o ~ of 2E-day-old mice, up to zo ~ of adult females and 4o to 8o ~ of adult males (Tables t and 2); the sex difference in susceptibility of adult mice to lethal infection was most marked after large virus inocula. * Numbers of mice dying between 4 and 40 days after inoculation were used to calculate median lethal dose and the blood from the survivors killed then was assayed for virus neutralizing antibody to establish median infective dose; numbers of survivors with antibody were added to mice that died to calculate median infective dose. Both the end points of infectivity were calculated by the method of Spearmann-K~.rber (Dougherty, I964).
t Virus in doses of Io to Io ~ p.f.u, failed to kill all the inoculated mice. Deaths in these mice after inoculation of Io 4 to IO B p.f.u, are shown in Table 2 . 
Infections in lethally infected and resistant mice
When mice of both sexes aged 4, I5, 22 and 4o days were inoculated i.c. with Io 3 p.f.u. the inoculum killed all 4-day-old mice within 4 days and all 15-day-old mice between 5 and 8 days, 40 to 6o ~ of 22-day-old mice and either none or 2o ~ of 4o-day-old mice between 8 and I4 days after inoculation.
Both the rate and the extent of virus growth were inversely related to the age of mice at inoculation (Fig. I) . Virus in brain grew to titres of Io 9'6 and IO e'5 p.f.u./g wet weight 4 days after inoculation of 4-and I5-day-old mice respectively ( Fig. t a, b) . In 4-and I5-day-old mice, interferon in brain was detectable when virus reached titres of to 5 p.f.u./g wet weight and increased in titre with increasing virus growth (Table 3) . Sera from 4-and t5-day-old mice killed daily after infection until all the mice died were free (< t/IO) of virus neutralizing antibody. In weanling and adult mice, virus grew at similar rates and reached titres of IO ~ p.f.u./g wet brain 6 days after inoculation but in adult female mice, virus in brain was cleared between 9 and to days when circulating virus neutralizing antibody appeared in titres of r/2o to t/32o ( Fig. t c, d) . Virus was cleared between t I and i2 days after infection in the adult males, between t2 and t 3 days in zz-day-old female mice and between I4 and were inoculated intracerebrally with 1o 3 p. f.u. Mount Elgon bat virus and at daily intervals four male and four female mice in each group were killed. Their brains were removed, pooled by sex and prepared as i o % (w/v) suspensions in ice-cold gelatine-saline and titrated for infectivity (circles) and interferon (results shown in Table 3 ). Blood from the mice was pooled by sex and titrated for virus neutralizing antibody. I6 days in 22-day-old males. After this the antibody titres continued to increase and to higher titres in females than their male counterparts, particularly in the adult mice ( Fig. 0 .
Infection in adult mice immunosuppressed with cyclophosphamide
These findings suggested that in both weanling and adult mice which survived infection, sublethal infection was terminated by active immune response which might explain the resistance to large doses of virus of significantly more adult females than males. In further experiments, therefore, the effect of immunosuppression by cyclophosphamide (Nathanson & Cole, I97o, 1971) in adult mice infected with [o 6 p.f.u, was studied. When cyclophos- Table 3 . I  |  I  I  1  I  I  I  I  I  I  I  I  I  I  I . In each group four male and four female mice were killed daily for the entire experimental period and Io ~ (w/v) suspension of their brain in gelatinesaline titrated for infectivity and interferon (titres of the latter shown in Table 3 ). Blood of mice in a group was pooled and titrated for virus neutralizing antibody expressed as reciprocal of dilution of serum neutralizing 5o % of loo p.f.u, of virus in z h at 37 °C. Neutralization by each dilution was determined in three or four cultures of chick cells. ©~©, O-~, Infectivity in control mice; D--~, II--I, infectivity in mice given cyclophosphamide; A--G, A--A antibody in control mice; V--V, V--T, antibody in mice given cyclophosphamide. (Z), [3, G, V, Response in males; Q, III, A, T, that in females.
Interferon* titres in brains at various times after intracerebral inoculation of mice aged 4 to
phamide was given 2 days before or 2 h or 2 days after virus all the male and female mice died; the survival of mice was marginally longer when the drug was given 2 days after virus (Fig. z) . In mice given cyclophosphamide 2 h after infection, virus in brain reached peak titres of I& "5 p.f.u./g wet weight of tissue on the fourth day after inoculation and remained at this concentration until all mice died (Fig. 3) . In the groups of mice given PBS z h after virus challenge (controls), virus grew at the same rate in mice of both sexes, reaching titres of lo 5 p.f.u, by day 3 after inoculation. In females in the control group, infectivity in brain was cleared between 6 and 7 days after inoculation with the appearance of circulating virus neutralizing antibody at titres of I/8o to 1/64o; in males this occurred between I I and 12 days after inoculation (Fig. 3) . Antibody in control mice reached titres between r/Io24o and I/4o96o in females and 1/256o in males (Fig. 3) ; no virus neutralizing antibody ( < I/IO) was detected in mice given cyclophosphamide but there was 3o-to 6o-fold more interferon synthesized in the brains in the drug treated mice than that in the control mice (Table 3) .
Brain infection by Mount Elgon bat virus 597 DISCUSSION
In mice the target tissue for Mount Elgon bat virus is brain (Metselaar et al. I969; Murphy et al. I97O; Patel, I979) . The present experiments showed that the rate and extent of Mount Elgon bat virus growth in brain decreased as the mice aged (Fig. I) . Associated with this was the fact that mice became progressively more resistant to lethal infection as they aged (Tables I and z) ; quite small doses (IO to 25 p.f.u.) of virus however, infected even the adult mice (Table 0 . This resistance appeared to correlate with age-related maturation of immune apparatus. Thus in suckling mice after inoculation of IO 3 p.f.u. virus grew to high titres in brain accompanied by much interferon synthesis; the mice died without producing virus neutralizing antibody. A similar inoculum killed 4o to 8o ~o of weanling mice and up to 2o ~ of adult mice. In these mice the early course and extent of virus growth was similar but virus neutralizing antibody was found somewhat earlier in adult mice (Fig. ~ c, d) . Associated with this was an earlier clearance of virus from the brain of adult mice. There was, however, no significant difference in the extent of interferon synthesis in brains of weanling and adult mice. Levels of brain interferon in these mice were considerably less than those produced in brains of infected sucklings; interferon titres reflected the extent of virus growth as with dengue virus infections (Cole & Wisseman, 1969) but it should be noted that an association between enhanced interferon synthesis and host maturity was observed in other experimental infections (Isaacs & Baron, 196o; Heineberg et al. 1964) .
It is interesting that both in weanling and adult mice, immune apparatus appeared to mature earlier and to a greater extent in females than their male counterparts; it was, however, in adult mice where this difference was also manifest in deaths of significantly fewer females than adult males (Table z, Fig. 3 ). The latter was most obvious after large virus inocula. That the predominantly benign response in adult females became fatal when the mice were immunosuppressed with cyclophosphamide further suggests that immune mechanisms were responsible for the clearance of Mount Elgon bat virus from the brains of those mice which survived infection. Deaths of the mice given the drug were associated with increased virus growth and interferon synthesis in brain in the absence of virus neutralizing antibody (Fig. 3 , Table 3 ). In adult females the dose of Ko 6 p.f.u, resulted in an earlier attainment of peak infectivity and an earlier stimulation of antibody synthesis than did lo a p.f.u, while in adult males large inocula resulted only in an earlier attainment of peak infectivity ( Fig. I and 3 ). The possibility that endocrine influences may account for this difference in the stimulation of immune response to Mount Elgon bat virus in adult mice is now being examined (N. Gomwalk, personal communication).
